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Abstract 
 Experiential learning continues to play a vital role in agricultural education and 
mechanization laboratories (Shoulders & Myers, 2013). An essential component of experiential 
learning is critical reflection. Critical reflection helps students process and construct meaning 
from laboratory experiences. A study conducted by Shoulders and Myers (2013) revealed that 
only 15.4% of the agricultural educators the researchers interviewed incorporated reflective 
practices laboratory experiences. The purpose of this study was to evaluate the effect of critical 
reflection on students’ achievement following five agricultural mechanization laboratory 
activities. The results from this study revealed that critical reflection had a consistently positive 
effect on immediate cognitive achievement but not delayed cognitive achievement among the 
participants of this study; however, the results for delayed cognitive achievement were mixed. 
Recommendations include further research into effective practices for helping students increase 
long term learning from laboratory instructions.  
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Chapter I 
Introduction  
Over the years, laboratory experiences have played a critical role in secondary and 
postsecondary education (Forcino, 2013; Shinn,1987; Hofstein, 2004; Johnson & 
Schumacher,1989). Shinn (1987) commenting on the importance of laboratory experiences noted 
that one-third of course instructional time is allocated to laboratory activities. The National 
Research Council (2009) expresses similar sentiments by stating that high school science 
students spend at least one class period a week participating in laboratory experiences. With the 
amount of time allocated to laboratory activities, laboratories have secured a prominent place in 
education, and today, all across the nation, high schools and universities are utilizing laboratories 
to provide students with the opportunity to develop scientific skills and apply and understand the 
theory learned in lectures.  
Laboratories, however, did not always hold such a prominent place in education. 
Historically, scholars have agreed that laboratory instruction was not adopted into higher 
education until the 1800s when American institutions decided to replicate a German model of 
research and training (Rudolph, 2005). Before that time, higher learning intuitions were heavily 
reliant on rote memorization and classical styles of education (National Research Council, 2009). 
Nevertheless, in the latter part of the 19th century, universities became more interested in the 
methods of science, and with several universities already adopting the German model of 
advanced research, other institutions such as high schools followed suit in adopting various 
scientific methods that implemented laboratory instruction (Rudolph, 2005).  
By the turn of the 19th century, laboratory instruction became common, and prominent 
figures in the progressive education movement like John Dewey became major proponents of the 
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nature and pedagogy of the scientific method and laboratory instruction (Hofstein & Lunetta, 
1982). Such interest in methods of science and laboratories continued throughout the 20th 
century; especially during the Second World War and the Cold War (Hofstein & Lunetta, 1982; 
Rudolph, 2005).  
Fast forward to the 21st century, there continues to be an interest in laboratory instruction. 
In the discipline of agricultural mechanics education, laboratories are utilized to provide students 
with experience in obtaining skills that reflect the agricultural industry (Ewing, 2005). Warner, 
Arnold, Jones, and Myers (2006) noted that agriscience laboratories allow students to process 
complex and abstract scientific concepts by engaging students with meaningful laboratory 
experiences or materials. Students have the chance to directly interact and apply what they have 
learned in a lecture by simply participating in laboratory activities.  
The time spent in laboratories is also indicative of the importance of agricultural 
laboratories. Johnson and Schumacher (1989) indicated that the majority of the instructional time 
in agricultural mechanics education courses is spent in agricultural mechanization laboratories. 
Shinn (1987) also made a similar observation and noted that one-third to two-thirds of 
instructional time in agricultural courses is usually devoted to agricultural mechanics instruction 
(as cited in Johnson, Schumacher, & Stewart,1990).  
Need for the Study 
Considering the significance of agricultural mechanics laboratories in educational 
programs today, it is important that laboratories offer quality educational experiences, managed 
efficiently and are grounded in relevant pedagogical practices (Ewing, 2005; Johnson & 
Schumacher, 1989; Schlautman & Silletto, 1992; Shinn, 1987; Shoulders & Myers, 2013). 
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Students will learn best when laboratories are well organized and can facilitate the transfer of 
knowledge.   
Experiential learning theories have long been considered as a paramount and effective 
pedagogical practice that can be applied to agricultural laboratories in order to facilitate and 
transfer learning (Baker, Robinson, & Kolb, 2012; Shoulders & Myers, 2013; Shoulders, Wyatt, 
& Johnson, 2014). Abdulwahed and Nagy (2009), have also suggested that implementing a 
proven pedagogical theory known as Kolb’s experiential learning theory can help improve 
learning outcomes in laboratories.  
In addition, the National Research Council has also challenged agricultural educators by 
indicating that traditional approaches of lecture in the discipline of agriculture may not be as 
effective as “tutorials, laboratories, field-based learning experiences and problem-based 
learning” (National Research Council, 2009, p. 35). The research agenda of the American 
Association for Agricultural Education (2016) has also challenged agricultural educators to 
implement problem-based and student-centered learning into their instructional practice 
(Roberts, Harder, & Brashears, 2016). To put it simply, the National Research Council and the 
American Association for Agricultural Education are challenging educators to adopt teaching 
practices that will actively engage students in learning by doing. 
 Statement of the Problem  
With such recommendations, it is imperative that educators take the responsibility to 
address the importance of experiential learning and effective laboratory experiences in 
agriculture. Roberts (2006) and Mazurkeqicz, Harder, and Roberts (2012) have echoed similar 
sentiments and have noted that experiential learning merits more attention in the discipline of 
agricultural education in order to ensure effective teaching and learning. However, limited 
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consideration has been given to its importance in “the permanent agricultural education literature 
base” (Baker, Robinson, & Kolb, 2012, p. 1). Shoulders and Myers (2013) have also pointed out 
that even though some literature exists regarding experiential learning and agricultural education, 
agricultural educators have “not yet mastered” the theory of experiential learning (p.104).  
In addition to that, researchers have suggested that a holistic approach that takes into 
account all the essential components of experiential learning in laboratory learning is needed 
(Abdulwahed & Nagy, 2009; Shoulders & Myers, 2013). A study conducted by Shoulders and 
Myers (2013) revealed that only 15.4% of the agricultural educators the researchers interviewed 
employed reflective practices, a critical component of experiential learning, into their 
laboratories. This study will attempt to address such challenges by adding to the existing 
literature on experiential learning in agricultural mechanization laboratories.  
Purpose of the Study  
The purpose of this study was to evaluate the effect of critical reflection on students’ 
achievement following an agricultural mechanization laboratory activity. The primary research 
question was: What effect does critical reflection have on students’ laboratory performance 
compared to the laboratory performance of students who do not critically reflect? The specific 
research objectives were to:  
1. Determine if there is a difference in immediate cognitive achievement in 
selected agricultural mechanization topics by the main effect of reflection (no 
reflection, individual or group reflection). 
2. Determine if there is a difference in delayed cognitive achievement in selected 
agricultural mechanization topics by main effect of reflection (no reflection, 
individual or group reflection).  
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This study was conducted in two separate agricultural mechanization courses at the 
University of Arkansas Fayetteville, the first being Electricity in Agriculture (AGME 3173) and 
the second being Small Power Units/Turf Equipment Laboratory (AGME 3101L). The accessible 
population was sixty students (N = 60) enrolled in the courses listed above.  
Limitations  
Because an entire population was selected for this study, the results may not be 
generalizable to other groups. Moreover, students were initially randomly assigned to either a 
control group (no reflection) or one of two experimental groups (individual or group reflection). 
Once students were assigned to one of these groups, they remained in that group for the 
remainder of the study. The number of treatments employed during the duration of this study 
may also be another limiting factor to this study.  
Terms and Definitions 
The following terminologies were used throughout this study:  
1. Cognitive Achievement:  a measure of student’s performance based on scores 
received on posttests (Newsome, 2004 ).  
2. Experiential Learning (EL): acquiring knowledge through “doing” or interacting with 
external subjects in order to understand or comprehend a given subject (Koch, 2010).  
3. Delayed Cognitive Achievement: a measure of student’s performance on posttest two 
weeks after the initial interaction with laboratory activity (Newsome, 2004 ).  
Assumptions  
As this study was conducted, the following assumptions were made:  
1. The instruments utilized were valid and provided reliable questions that measured 
student’s cognitive achievement.  
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2. Those who participated in this study were honest when responding to posttest and 
delayed posttests.  
3. The participants who underwent the study had little to no prior knowledge of the 
laboratory activities in Agricultural Electricity and Small Power Units.  
4. The treatments were sufficiently different to produce or result in difference on the 
immediate and delayed posttests. 
5. No diffusion of treatments occurred between students in the three groups.    
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Chapter II  
Theoretical Framework  
 The focal point of this chapter will be to provide a theoretical framework and a review of 
literature that currently exist on critical reflection, experiential learning and cognitive learning 
theories. A large portion of this chapter is devoted to understanding reflection and its relevance to 
experiential learning. 
Conceptual Framework  
 Experiential learning continues to be a hallmark of agricultural education. Historically, 
scholars have argued that agricultural education in the United States of America has always had 
experiential learning as its pedagogical foundation (Baker, Robinson, & Kolb, 2012; McKim, 
Greenhaw, Carla, Redwine, & McCubbins, 2017). Such a statement can be supported by simply 
examining the different legislation that has influenced the establishment of agricultural education 
in the United States.  
The Morrill Act of 1862 will be considered first. The establishment of formal agricultural 
education at the collegiate level can be traced back to the establishment of land-grant universities 
through the passage of the Morrill Act of 1862. Section four of the Morrill Act states, 
To teach such branches of learning as are related to agriculture and the mechanic arts, in 
such as the legislatures of the States may respectively prescribe, in order to promote the 
liberal and practical education of the industrial classes in the several pursuits and 
professions in life (as cited in Flower & Haddad, 2014, p. 198).  
The Morrill Act of 1862 called for instruction in agriculture to be taught as an applied subject 
that would aid in educating the American populace about the science and the application of 
agriculture. It is important to note that even though the Morrill Act was one of the blueprints for 
agricultural education in America, non- formal and formal agricultural educational initiatives 
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were undertaken years before the Morrill Act was ever established; such initiatives came in the 
form of agricultural societies, fairs and private colleges (True, 1929).  
A second influential legislation was the Smith-Lever Act of 1914 that established 
cooperative extension services. The Smith-Lever Act ensured education in agriculture remained 
experiential in nature. Agricultural extension education services were established to promote the 
dissemination of practical scientific principles of agriculture (Hillison, 1996). Seaman Knapp, a 
pioneer in agricultural extension education ingrained the philosophy of “learning by doing” into 
extension education (Knobloch, 2003). Knapp made a concerted effort in his day to challenge 
agricultural educators to provide instruction through the practical means of on-farm 
demonstrations and community-based education (Surls, 2014). Seaman Knapp once said, “what a 
man hears, he may doubt; what he sees, he may also doubt, but what he does, he cannot doubt” 
(as cited in Knobloch, 2003, p.28). The fundamental legislative and philosophical foundation of 
agricultural extension education provides unambiguous proof that learning by experience was to 
play an integral part in the life and application of extension education.  
 The Smith Hughes Act (Public Law No.347, 64th Congress 703) provides further proof of 
the experiential nature regarding the founding of education in agriculture. The Smith Hughes Act 
of 1917 established vocational education at the secondary level, and at its pedagogical 
underpinning was applied and experiential (Newsome, 2004). The Smith Hughes Act ensured 
industrial education was promoted at the high-school level, but it also ensured agricultural 
educators at the secondary level were equipped to train students in learning how to perform a 
skill or trade (Graham & Craig, 2018; Newsome, 2004; Shelley-Tolbert, Conroy, & Dailey, 
2000). A central tenant of the Smith Hughes Act would be the Supervised Agriculture 
Experience (SAE) program. Section ten of the Smith Hughes Act of 1917 defines SAE as, 
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supervised practice in agriculture, either on a farm provided for by the school or other farms, for 
at least six months per year (Newsome, 2004). Fundamentally, the Smith Hughes Act 
encouraged agricultural educators to provide a practical and applied learning experience in 
secondary education. Overall, practical and applied instruction are the universal language used in 
the in the Morrill Act of 1862, Smith-Lever Act of 1914 and the Smith Hughes Act of 1917. This 
legislation has played a crucial role in the development of the pedagogy that is seen in the 
discipline of agriculture today.  
Development of Experiential Learning Theory  
Experiential learning has and continues to occupy a significant role in agricultural 
education. Experiential learning (EL) can be defined as an instructional or educational theory 
which asserts learning occurs through the interaction of discovery and experience (Deslauriers, 
Rudd, Westfall-Rud, & Splan, 2016; Shoulders, Wyatt, & Johnson, 2014). The underlying 
principle of EL is that learning occurs from reflecting on a given experience or observation 
(Cano, 2005). It is important to note that EL is much more than simply “doing,” rather; it 
requires a continuous reflection on the “doing” or experience. In traditional methods of learning, 
the teacher or educator is typically seen as the expositor transferring knowledge to their pupils. 
However, in experiential learning, the teacher takes the role of a facilitator who is constantly 
engaging and guiding students in learning (Knobloch, 2003). This results in students taking a 
more active role in learning by allowing students to utilize experiences and skills to analyze, 
interpret and self-reflect on different information which results in students grasping new 
concepts. The fundamental components of experiential learning as described by Kolb (1984) are 
perception, involvement, cognition, and behavior.  
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Many have attributed the development of experiential learning, as it is known today, to 
the work of John Dewey in (1938) (Baker, Robinson, & Kolb, 2012; Deslauriers, Rudd, 
Westfall-Rud, & Splan, 2016; Kayes, 2002; Knobloch, 2003; Mowen & Harder, 2005; Marlow 
& McLain, 2011; Roberts, 2006; Shoulders, Wyatt, & Johnson, 2014). Dewey (1938) posited 
that learning is the result of students’ interaction with their environment, which he defines as an 
experience. Such experience is affected by factors that are internal to the student such as the 
students “attitudes, beliefs, habits, prior knowledge, and emotions” (Carver & Enfield, 2006, p. 
56).  
The second proposition of Dewey is that every experience continually builds on past 
experiences, and these past experiences influence the quality of future experiences (Dewey, 
1938). Dewey defines both of these phenomena as the principle of interaction and continuity, and 
it is these two principles that govern the quality of an educational experience (Carver & Enfield, 
2006). Dewey believed no learning can occur unless an individual is changed by their experience 
(Deslauriers, Rudd, Westfall-Rudd, & Splan, 2016). To put it simply, Dewey’s educational 
ideology is that students acquire knowledge through physically interacting with concepts or 
activities, and when students interact with a given concept or activity, they begin to formulate 
attitudes, beliefs, habits, and emotion toward the activity. In addition to that, prior interactions 
contribute to the forming of the internal factors of attitudes beliefs, habits and emotion.  
It is imperative to note at this point that Dewey never claimed that traditional forms of 
education do not contain experience, rather, he is saying that traditional education does not take a 
holistic approach taking into account individual backgrounds and their former interaction with a 
given subject matter or activity.  As Dewey (1938) explained:  
It is a great mistake to suppose, even tacitly, that the traditional schoolroom was not a 
place in which pupils had experiences. Yet this is tacitly assumed when progressive 
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education as a plan of learning by experience is placed in sharp opposition to the old. The 
proper line of attack is that the experiences, which were had, by pupils and teachers alike, 
were largely of a wrong kind. How many students, for example, were rendered callous to 
ideas, and how many lost the impetus to learn because of the Way in which learning was 
experienced by them? How many acquired special skills by means of automatic drill so 
that their power of judgment and capacity to act intelligently in new situations was 
limited? How many came to associate the learning process with ennui and boredom? (p. 
9). 
Kolb’s Experiential Learning Model  
Following Dewey, there have been several other educators and philosophers that have 
written about experiential learning. For instance, Jean Piaget, Lev Vygotsky, Peter Jarvis, Kurt 
Hahn, Paulo Freire, and David Kolb are all known for making historical landmarks regarding 
experiential learning (Marlow & McLain, 2011). However, Kolb (1984) is best known for his 
writings on learning by experience, and it said that he has produced the most efficient and logical 
framework that explains experiential learning (Abdulwahed & Nagy, 2009; Cano, 2005; Roberts, 
2006; Salavastru, 2014). In addition to Kolb’s model being regarded as the most comprehensive 
model of learning by experience, it has been the most prominent in the agricultural education 
literature (Roberts G. T., 2006).  
Kolb (1984) experiential learning model (KELM) posits that learners go through four 
stages which he describes as, Concrete Experience (CE), Reflective Observation (RO), Abstract 
Conceptualization (AC), and Active Experimentation (AE); learning can be activated at any one 
of the stages and does not have to occur in order. Kolb asserted that Concrete Experience is when 
learners are directly involved or introduced to an activity or subject matter. At this stage, learners 
are said to be grasping information through the process of apprehension, and students use their 
senses of hearing, touch or sight. The stage that follows is reflective observation. When learners 
move to this stage, they begin to think and reflect on the previous experience they just had. At 
this stage, learners transform their experience by internally processing and cognitively breaking 
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down the previous experience. The Abstract Conceptualization stage follows where students 
grasp the experience through comprehension by turning the previous experience into theories, 
generalizations, and hypotheses. The last stage is Active Experimentation, and this is where 
learners apply the knowledge they gained from their interaction with the subject matter or 
activity. Figure 1 below provides a graphic that summarizes Kolb’s model of experiential 
learning.  
 
 
Figure 1. (Kolb, 1984) Kolb’s Model of Experiential Learning 
Abdulwahed and Nagy (2009) posited “the optimal learning takes place when learners 
have an adequate balance of these four stages during their learning experience” (Abdulwahed & 
Nagy, 2009, p. 284). Baker et al. (2012) also echoed similar sentiments stating that learning 
occurs when a student undergoes all four modes. Often, not all four stages are employed when 
students are engaged in experiential learning, especially when students are being instructed in 
laboratories. For example, lab activities can regularly create an environment where students are 
gaining hands-on experience (Concrete Experience and Active Experimentation) by working on 
Concrete 
Experience 
(Continum) 
Reflective 
Obervation 
(Continum)  
Abstract 
Conceptulisation 
(Preception) 
Active 
Experimentation 
(Processing) 
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a practical activity (Miller & Hilaire, 2018). However, rarely do labs allow students to critically 
think, connect past experiences (Reflective Observation) or to grasp and generalize such 
experience (Abstract Conceptualization).   
Critical Reflection 
Although the phrase critical reflection is commonly mentioned in higher education, a 
proper and clear definition is often lacking or absent in higher education literature (Atkins & 
Murphy, 1993; Bubnys & Zydziunaite, 2010). Nguyesn, Fernadez, Kartsenti, and Charlin (2014) 
have considered that the lack of a consistent definition has impeded the development and 
understanding of reflection. Nevertheless, much of the literature that does properly define critical 
reflection defines it as, an intentional internal cognitive process of analyzing, assessing, 
reframing and deeply considering a previous experience in order to add meaning or to learn from 
a given experience (Bubnys & Zydziunaite, 2010; Louise, 2010; Nguyen, Fernandez, Karsenti, & 
Charlin, 2014).  
The phrase critical reflection is often synonymously used with the phrase critical 
thinking. However, critical reflection is more than just critical thinking, although critical thinking 
plays a significant role in the reflection process (Nguyen, Fernandez, Karsenti, & Charlin, 2014). 
Sanders (2009), states the “metacognitive process” known as reflection can occur either before or 
after an experience, and it is simply a process that helps individuals understand experiences so 
that future “encounters” with that experience can be influenced (Sandards, 2009, p. 685). The 
underlying purpose of reflection is to help an individual process or comprehend an action or 
experience.  
The most comprehensive literature review on critical reflection was completed by 
Nguyen, Fernandez, and Charlin (2014). The authors identified five key components that form 
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the conceptual framework of reflection. The first is thoughts and actions (TA); the second is 
attentive, critical, exploratory and iterative process (ACEI); the third is conceptual framework 
(CF); the fourth is view of change (VC), and the fifth is self (S).  
The thoughts and actions component of reflection is considered as the content, experience 
ideology an individual should be thinking of in order to process an experience or situation. For 
example, in the case of a laboratory setting, this component would require laboratory students to 
think about the content or the theory that supports the laboratory activity. Authors such as Dewey 
(1910) posited that reflection should be done carefully and in an insistently: 
Reflection is turning a topic over in various aspects and in various lights so that nothing 
significant about it shall be overlooked almost as one might turn a stone over to see what 
its hidden side is like or what is covered by it. Thoughtfulness means, practically, the 
same thing as careful attention; to give our mind to a subject is to give heed to it, to take 
pains with it. In speaking of reflection, we naturally use the words weigh, ponder, and 
deliberate— terms implying a certain delicate and scrupulous balancing of things against 
one another. Closely related names are scrutiny, examination, consideration, inspection—
terms which imply close and careful vision. Again, to think is to relate things to one 
another definitely, to “put two and two together” as we say. Analogy with the accuracy 
and definiteness of mathematical combinations gives us such expressions as calculate, 
reckon, account for; and even reason itself— ratio. Caution, carefulness, thoroughness, 
definiteness, exactness, orderliness, methodic arrangement, are, then, the traits by which 
we mark off the logical from what is random and casual on one side, and from what is 
academic and formal on the other ( p.11).  
 
Dewey’s words of careful, logical, scrutiny, examination, consideration and inspection provide 
unequivocal evidence of Dewey’s thoughts on the reflection process and how it should be 
effectively used in experiential learning.  
The conceptual framework component of reflection is concerned with analyzing the 
different concepts that govern an experience and questioning the validity and the relevance of the 
given concepts. The primary concern of this CR component is understanding a problem rather 
than trying to solve a problem. The fourth central component of critical reflection identified is 
view on change (VC). This component deals with the transformative dimension of reflection. 
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Individuals must understand that reflection helps them understand and transform a learning 
experience. The fifth critical component of reflection is self-component. One of the defining 
aspects of reflection is how it incorporates or engages individual reflection. The self-component 
allows the individual to reflect on why they performed a given action during a learning 
experience.  
DEAL Reflection Method 
The DEAL (describe, examine and articulate learning) reflection model has been chosen 
for this study. The DEAL method prescribes an effective process to encourage reflection during 
an experiential learning experience (Ash & Clayton, 2009). The first step in the DEAL model is 
to describe the experience. The second step requires students to examine their experience from 
an academic/theory point of view (Ash & Clayton, 2009). The last step to the DEAL reflection 
model is to articulate learning. This step allows students to state what they have learned overall. 
At this stage, students are able to express how they can apply what they have learned to solve 
future problems (Ash & Clayton, 2009). The authors of the DEAL reflection method originally 
designed the DEAL method to allow students who participate in a service-learning project to 
reflect on a given experience they encountered during their service learning activity; however, 
the authors believe that the DEAL methods can be adopted and implemented in other academic 
contexts as well (Ash & Clayton, 2009). 
Theoretical Framework 
Cognitive constructivism, a cognitive learning theory, is the fundamental theory that 
undergirds this study. Cognitive constructivism asserts that learning occurs when individuals 
reconstruct or cognitively represent what truly exist (Roberts, 2006). It is a theory that places the 
student at the center of learning and takes the position that true learning occurs when internal 
cognitive mechanisms are used to manipulate and transform real-world experiences to learning 
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(Doolittle & Camp, 1999; Koch, 2010; Martin & Sugarman, 1997). Cognitive constructivism 
makes use of individual and group thinking processes, such as memory, depictions, attitudes, 
schemas and mental models (Kayes, 2002).  
Such theoretical framework can be traced back to Jean Piaget who identified two main 
principles of acquiring knowledge, for which he termed the first process of learning as 
“assimilation” and the other “accommodation” (as cited in Dole & Sinatra, 1998). What Piaget 
means by this is that learning is built (assimilation) on information that already exists and then 
modified or changed (accommodation). New information is being reinterpreted by the individual 
based on previous information; the individual then re-represents this information in their mind in 
order to understand a given concept.  
Cognitive learning theory asserts that learning begins when individuals interact with the 
external world (Reed, 1996). This information from the outside world is then transformed and re-
represented by the individual’s cognition (mental functions) in order to process and make sense 
of the external world (Rekart, 2013). After new information is transformed and recognized, it is 
either temporarily or for longer periods of time (Aben, Stapert & Blokland, 2012). The storying 
of new information is known as memory. Scholars believe memory can be classified as short-
term memory (STM), working memory (WM), or long-term memory (LTM) (Aben, Stapert & 
Blokland, 2012; Cowan, 2008; Reed, 1996; Rekart, 2013; Willingham, 2009).  
Short-term memory is described as the “cognitive system” that holds sensory events and 
new information for a short period of time (Aben, Stapert & Blockland, 2012, p.1). New 
information that is stored in short term memory, if not rehearsed, may be forgotten in seconds 
(Alloway & Copello, 2013). STM is used to store information such as lab instructions, phone 
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numbers, and names. If information is not processed through working memory and then 
transferred to long-term memory, the new information will be lost or forgotten.  
Working memory refers to the information that is actively being processed and 
manipulated (Aben, Stapert & Blockland). Rekart (2013) considers working memory as thinking 
“ about what to do next,” or engaging in reminiscing (p.55). When individuals reason or 
problem-solve this process occurs in working memory. Before information can be sorted for 
longer periods of time, it must first be channeled through STM and WM.  
Long-term memory is considered as the long term storage of “factual information” for 
later use (Willingham, 2009, p. 14). Scholars have divided LTM into two categories known as 
non-declarative and declarative (Squire & Zola, 1996). Non-declarative is considered as a 
memory that occurs through the action of doing or performance (Squire & Zola, 1996). 
Declarative memory, however, is considered as the capacity to intentionally recall information 
such as facts and previous events in order to display learning (Rekart, 2013). All information 
regarding long-term memory is stored and organized cognitively and maybe used to support 
working memory. 
 The primary difference between short-term memory and long-term memory is duration 
and capacity (Cowan, 2008). Long-term memories are stored cognitively over a period of time. 
Rekart noted that long term memory is, “the ability to recall information in the long term, 
meaning hours, days, years, and even decades after something has occurred or a concept was 
learned” (p.71). In regards to capacity, more information can be stored and retrieved in long-term 
memory than short term memory. Scholars agree that there is a limit to how much information 
can be stored in short-term memory compared to long term memory (Squire & Zola, 1996; 
Willingham, 2009).  
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In addition, some cognitive theorists believe that how humans learn to perform different 
activities can be summarized by the information-processing model (Sharit & Czaja, 2018). The 
information processing model describes how humans acquire, store and retrieve information 
(Reed, 1996). Figure 2  presents a graphic that Reed (1996) developed to describe the different 
stages in the information processing process. This model describes how individuals are first 
introduced to new information and how they eventually transform that information for later use.  
 
 
 
 
 
 
 
 
 
Figure 2. (Reed, 1996) The information-processing model. 
 
The first stage Reed (1996) presents in the information-processing model is the sensory 
store. At this stage, information from the external world (Reed, 1996) is gathered from the senses 
and is stored temporally (Sharit & Czaja, 2018). The new information is then filtered and passed 
to the pattern recognition stage. At this stage, the information from the sensory store is identified 
or recognized as a pattern if individuals can use previous information stored in memory to 
recognize familiar patterns. If the pattern is not familiar to the individual, the individual takes 
additional measures to store or discard that pattern (Reed, 1996). After the information is 
recognized, the information is entered into short and then transferred to long term memory. The 
short term memory has a time and capacity limit of how much information can be retained and 
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stored, however, long term memory does not. The filter stage filter deciphers how much 
information can be recognized at any one time, and the selection stage limits the volume of 
information that can be stored into memory (Reed, 1996).  
Summary  
Experiential learning continues to play a critical role in agricultural education. The 
underlying principle of experiential learning is that learning occurs by doing. In addition, Kolb 
(1984) suggested that optimal experiential learning occurs when individuals are introduced to the 
four stages of experiential learning: concrete experience, reflective observation, abstract 
conceptualization, and active experimentation. As reviewed in the literature, reflection continues 
to be an essential component of experiential learning fundamentals, and in order for effective 
learning to take place, reflection must be employed.  
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Chapter III 
Methodology 
 In this chapter, the overall procedures of how this study was undertaken will be presented. 
Careful consideration was given to the statement of the problem, purpose of study, design of the 
study, population, sample, and statistical analysis.  
Statement of the Problem  
In order to meet the growing demands of a complex agricultural industry, agricultural 
educators across the country are being urged to update their curriculum to incorporate effective 
learning strategies that are supported by proven pedagogical approaches (Deslauriers, Rudd, 
Westfall-Rudd and Splan, 2016; National Research Council, 2009). Educators now have a 
responsibility to respond to such challenges by exploring and implementing tested pedagogical 
approaches into their curriculum; educators in the discipline of agricultural mechanization are 
not exempt from this challenge.  
To respond to the National Research Council challenge, this study sought to explore the 
benefits of critical reflection on students’ cognitive achievements in two agricultural 
mechanization courses taught at the University of Arkansas. Shoulders and Myers (2013) 
conducted a study evaluating experiential learning in agricultural laboratories and the study 
revealed that only 15.4% of the agricultural educators employed reflective practices into their 
laboratory activity. It is the hope of the researcher to contribute to the existing literature on the 
effects of experiential learning in agricultural education laboratories by exploring what effects 
experiential learning has on student performance and retention. 
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Purpose and Objectives   
The purpose of this study was to evaluate the effect of critical reflection on students’ 
achievement following an agricultural mechanization laboratory activity. The primary research 
question was: What effect does critical reflection have on students’ laboratory performance 
compared to the laboratory performance of students who do not critically reflect? The specific 
research objectives were to:  
1. Determine if there is a difference in immediate cognitive achievement in 
selected agricultural mechanization topics by the main effect of reflection (no 
reflection, individual or group reflection). 
2. Determine if there is a difference in delayed cognitive achievement in selected 
agricultural mechanization topics by main effect of reflection (no reflection, 
individual or group reflection).  
Research Design  
 A simple randomized subjects design was chosen for this study (Christensen, 1984). The 
independent variable had three levels reflection, no reflection, individual and group reflection. 
Students were randomly assigned to either a control or experimental group. Once students were 
randomly assigned to their respective groups, students remained in those groups for the 
remainder of the study. The researcher used the random function in Excel™ to randomly assign 
each student to a group of no reflection, individual and group reflection. The no reflection group 
was coded as one, individual reflection group coded as two and group reflection coded was 
coded as three.  
After students completed their respective laboratory assignment, students received 
instructions about the study and were told if they were in group one, two or three. Students in 
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group one, the no reflection group, received an immediate posttest and left the laboratory when 
they had completed the posttest. In contrast, students who were assigned to group two, the 
individual  reflection group, received a reflection treatment and was prompted to reflect on the 
previous laboratory experience for 10-15 minutes. After each student individually completed the 
individual reflection module, they were given an immediate posttest.  
Similarly, students that were randomly assigned to group three, the group reflection, 
received a reflection treatment after they had completed their respective laboratory activity. 
Students in group three were prompted to first individually reflect, and then directed to discuss 
what they had individually reflected on as a group. The reflection discussion groups comprised 
of three to four students. In addition, students in group one, two and three all received delayed 
posttests two weeks following each initial immediate posttests.  
Internal Validity of Experiments  
 According to Campbell and Stanley (1963), the simple randomized subjects design is 
considered as a true experimental design. Such design controls for eight all eight threats that 
often threaten the internal validity of true experimental designs (Campbell & Stanley,1963). The 
eight threats are history, maturation, testing, instrumentation, statistical regression, selection, 
experimental mortality, and selection-maturation interaction. Campbell and Stanley (1963) stated 
that if these threats to validity are not “controlled in experimental design, they might produce 
effects confounded with the effect of the experimental stimulus” (p.5). In other words, if the 
threats to internal validity are not controlled for, the researcher cannot be certain the observed 
differences are due to the experimental treatment. With this in mind, each of the eight threats to 
internal validity will be listed and discuss below:  
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1. History is considered as specific events that subjects may encounter between 
measurements that are not intended to be a part of treatment or the experimental study 
(Flannelly, Flannelly & Jankowski, 2018). The simple randomized subjects design 
controls for this because posttest is usually delivered as one natural and single package 
(Campbell & Stanley, 1963). All students in this study were measured during the same 
laboratory period and no time lapsed between measurements.  
2. Maturation is considered as the change over time that may exist in the subjects during the 
duration of the experiment (Koch, 2010). For instance, if participants become older, 
hungry or fatigued (Flannelly, Flannelly, & Jankowski, 2018). Maturation was controlled 
for by immediately conducting the study after the laboratory activity was completed by 
students. In addition, the reflection treatments only lasted 10-15 minutes and each 
posttest had comparable completion times. Thus, the study tested 20-30 mintues.   
3. Testing is known as the measurement effects that may be influenced by taking a pretest 
and then taking a posttest (Campbell & Stanley, 1963). Simple randomized subjects 
design controls for this because only a posttest is administered after the treatment is 
administered.  
4. Instrumentation is when changes in the dependent variable occur because of some 
external or internal change of the instrument (Campbell & Stanley, 1963). To control for 
this, the format and instructors administering the treatment remained the same. 
5. Statistical Regression is considered as a tendency of some participants having very high 
or low mean test scores (Flannelly, Flannelly, & Jankowski, 2018). Simple randomized 
subjects design randomly assigns all participants into the various control and 
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experimental groups; thus, the simple randomized subjects design controlled for the 
threat of statistical regression.  
6. Selection is referred to as the difference that may exist between the control and 
experimental group that are not intended to be a part of the experimental study (Campbell 
& Stanley, 1963). Simple randomized subjects design controls for this because groups are 
comparable and all subjects are randomly assigned to both the control and experimental 
group (Christensen, 1984).  
7. Experimental mortality is the differential losses of respondents between the control and 
experimental group (Campbell & Stanley, 1963). However, this threat was controlled for 
by removing students from the delayed posttest analysis if they were not present for the 
immediate posttest. 
8. Selection-maturation interaction refers to the different maturation rates that may exist 
among participants of an experimental study (Koch, 2010). Simple randomized subjects 
design controls for this because individuals were randomly assigned to each group, so 
those who were commonly absent were equally distributed among the control and 
experimental groups.  
Population  
 The accessible population (N = 60) for this study was all students enrolled in two 
agricultural mechanization courses taught at the University of Arkansas. The first course that was 
targeted for this study was Electricity in Agriculture laboratory (AGME 3173). The total number 
of students enrolled in this course was 24 at the start of the semester. The second course targeted 
for this study was Small Power Units/Turf Equipment laboratory (3101L), and the total number 
of students enrolled in Small Power Units/Turf Equipment was 36. Moreover, two students 
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withdrew from AGME 3173L five weeks after the course began, which left the total number of 
students enrolled in Electricity in Agriculture to 22. One student also withdrew from Small 
Power Unit/Turf Equipment six weeks after the course began which reduced the student 
population to 35. As a result, the accessible population was reduced to 57 students.  
The majority of participants in this study were male (93%) with the remainder of the 
participants being female (7%). Student classification varied from freshmen, sophomores, 
juniors, and seniors. In Electricity in Agriculture, freshmen (n = 1) accounted for 4% of the total 
students; sophomores (n = 5) represented 21% of the total students; juniors (n = 11) represented 
46% of the total students; and seniors (n = 7) represented 29% of the total students. In Small 
Power Units/Turf Equipment, freshmen (n = 1) accounted for 2% of the total students; 
sophomores (n = 8) represented 23% of the total students; juniors (n = 10) represented 26% of 
the total students; and seniors (n = 17) represented 49% of the total students.This study was 
reviewed by the Institutional Review Board Committee at the University of Arkansas and 
approved on January 24, 2019, IRB protocol # 1809145873.  
Instrument  
The instruments used to measure immediate and delayed cognitive achievement were 
developed by the researcher. Cozby and Bates (2015) suggested five indicators that ensure 
construct validity. Face and content validity were assessed for the instruments used in this study.  
1. Face validity was addressed for each instrument by comparing each posttest question 
to the lesson objectives of each respective laboratory activity and subject matter. 
Questions that did not adequately measure the specific laboratory objectives were 
dropped from the posttests. 
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2. Content validity was accounted for by a panel of experts in the Agricultural 
Education, Communications and Technology department at the University of 
Arkansas. After each instrument was developed for Electricity in Agriculture, the 
professor reviewed the instrument to ensure it appropriately reflected the instructional 
objectives of each laboratory activity. Similarly, the instructor of Small Power 
Units/Turf Grass Equipment reviewed each instrument for content validity.  
The Posttest used for experiment one contained 10 multiple-choice questions each and 
was administered as unannounced pop-quiz in Electricity in Agriculture. Students were required 
to recall information regarding AC resistive circuits. The immediate posttest had a coefficient 
alpha of .72. In addition, the delayed posttest was given two weeks after the immediate posttest 
was administered, and contained seven multiple choice questions. The delayed posttest was 
administered to students as an announced quiz. The delayed posttest had a coefficient alpha of 
.65.  
The second experiment was conducted in Electricity in Agriculture. The immediate 
posttest had 10 multiple-choice questions. Students were required to recall information regarding 
AC circuit analysis. The posttest was administered as an unannounced pop-quiz, and the 
coefficient alpha for the immediate posttest was .67. Due to a scheduled hourly examination in 
Electricity in Agriculture, delayed posttest one and two were administered on the same day. The 
delayed posttest was a modified version of posttest one and two. Due to time constraints, three of 
the original items were deleted from immediate posttest two. This reduced the total number of 
items on posttest two to seven. The delayed posttest in experiment two was announced one week 
prior and then administered at the beginning of the laboratory. 
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The posttest used in experiment three contained eight-items because of the length and 
content of the Small Power Unit/Turf Grass Equipment laboratory. The posttest required students 
to recall information about carburetors systems in small power units. The immediate posttest had 
a coefficient alpha of .53 and was administered as an announced pop quiz. The delayed posttest 
was a modified version of the immediate posttest and was administered as a pop-quiz two weeks 
after the initial posttest was given. The delayed posttest used in experiment three had six 
multiple- choice questions and the coefficient alpha was .29.  
The Posttest used for experiment four contained 12 multiple-choice questions each and 
was administered as unannounced pop-quiz in Small Power Units/Turf Grass Equipment. 
Students were required to recall information regarding battery and ignition systems in small 
power units. The immediate posttest had a coefficient alpha of .60. In addition, the delayed 
posttest was given two weeks after the immediate posttest was administered. The delayed 
posttest was administered to students as an announced quiz. The delayed posttest had six 
multiple-choice questions and had a coefficient alpha of .50. 
 The immediate posttest for experiment five had 10-multiple-choice questions. Students 
were required to recall information regarding electrical motors in agriculture. The posttest was 
administered as an unannounced pop-quiz, and the coefficient alpha for the immediate posttest 
was .74. The delayed posttest was a modified version of the immediate posttest, and it had six 
multiple-choice questions. The coefficient alpha was .48. In addition, the delayed posttest in 
experiment five was an announced pop quiz.  
Treatment  
The treatments for this study were developed by the researcher. Each reflection treatment 
was based on the laboratory objectives and was based on the DEAL reflection model (Ash & 
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Clayton, 2009). The DEAL model requires students to describe their laboratory experience and 
examine the specific information relevant to the previous experience. Students were prompted to 
articulate what they had learned in the laboratory by giving clear descriptions of the concepts of 
what they had previously learned during the laboratory (Ash & Clayton, 2009). The reflection 
treatments typically contained six to nine items. The same reflection treatment was used for both 
experimental groups.  
Data Collection Procedures  
Data obtained in this study were collected in laboratory sections of two junior-level 
agricultural mechanization courses at the University of Arkansas during the spring 2019 
semester. The two courses were Small Power Units and Turf Equipment and Electricity in 
Agriculture. The Small Power Units and Turf Equipment laboratory provided students practical 
experiences in testing, evaluating and maintaining small engines, hydrostatic power transmission 
systems commonly used in turf and landscaping industries. The Electricity in Agriculture 
laboratory provided students practical experiences in applying the principles of electricity, 
wiring, and selection and use of electric motors and controls in the broad field of agriculture. 
After students completed the laboratory activity, they were randomly assigned to either a no 
reflection, group or individual reflection group. Once students were initially randomly assigned 
to either a no reflection, individual or group reflection group, students remained in these 
respective groups for the remainder of the study. . Those who were assigned to the no reflection 
group were given an immediate posttest and left the laboratory once the posttest was completed.  
Experiment One: AC Resistive Circuits  
Experiment one was conducted in Electricity in Agriculture under the subject matter of 
AC resistive circuits. The AC resistive circuit’s laboratory required students (n = 22) to learn 
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how to use a multimeter, record electrical measurements such as voltage, electrical current, and 
resistance in resistive circuits 
Moreover, students in the individual reflection group (n = 8) was given a reflection 
treatment that contained eight reflection items. Each reflection treatment took 10-15 minutes. 
After each student assigned to the individual group reflected individually, they were given an 
immediate posttest. The individuals assigned to the group reflection (n = 7) were instructed to 
first individually reflect followed discussion in a group reflection. Because some students 
completed their laboratory activity before others, some groups were reduced to three or two. 
After each group completed their discussion, they were then given a posttest. The control group 
had seven students, and once each student in the control group completed their laboratory, they 
were given a posttest. After two weeks, the delayed posttest containing 10-items was 
administered to all of the students (n = 22). 
Experiment Two: AC Circuit Analysis  
 The second experiment was conducted in an Electricity in Agriculture laboratory under 
the subject matter of AC circuit analyze. Students (n = 21) that participated in the laboratory 
were required to identify resistive, inductive, and capacitive loads in AC electrical circuits. 
Students were then required to determine the total impedance (Z) in an AC circuit and divide 
reactance circuit loads into resistive and inductive components. Those in the control group (n = 
7) received a posttest and subsequently left the laboratory after the posttest was completed. On 
the other hand, those in the experimental groups received a four-item reflection treatment. The 
reflection treatment lasted 10 minutes for students who reflected individually (n = 7). Similarly, 
the group reflection (n = 7) lasted for 10-15 minutes. Students in the experimental groups 
received a posttest following the reflection treatment. Instead of administering the delayed 
posttest two weeks after the study was initially conducted, the posttest was administered a week 
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earlier because of an hourly exam that was already scheduled in Electricity in Agriculture. Three 
students were absent when this experiment was conducted. This resulted in a reduced sample (n 
= 21) of twenty-one; those that were absent were not included in the delayed posttest analysis. 
Experiment Three: Carburetor Systems  
The third experiment was conducted in Small Power Units/Turf Grass Equipment 
concerning the subject matter of carburetor systems. Students (n = 27) were required to identify 
the types of air filters and carburetor used in small power equipment. Students were also required 
to learn how to service air filters according to manufacturer’s recommendations. After the 
students were done with the laboratory activity, each student was randomly assigned to a control 
(no reflection) or experimental groups (individual or group reflection). Once students were 
initially randomly assigned to either a no reflection (n = 11), individual (n = 7) or group (n = 9) 
reflection, students remained in these respective groups for the remainder of the study. Students 
in both the control group and experimental groups received an eight-item multiple-choice 
posttest that was based on the lab content. The reflection treatment lasted for 10-15 minutes.  
On the day this experiment was conducted, nine students were absent, reducing the 
sample (n = 28) of thirty-seven to twenty-eight. The delayed posttest was administered two 
weeks after the initial study (experiment three) was conducted. Those students (n = 2) who were 
absent were not included in the delayed posttest analysis. 
Experiment Four: Principles of Electricity in Small Power Equipment  
The fourth experiment was undertaken in Small Power Units/Turf Equipment laboratory. 
The laboratory content for experiment four was the principles of electricity, battery and ignition 
systems as it relates to small power units. Each student was required to learn how to use a 
hydrometer to determine the condition of an automotive-type battery, test alternator conditions 
using an ohmmeter, identify the components of ignition system and perform an ignition test to 
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determine if spark quality is adequate. Students assigned to the control group (n = 12) received a 
posttest after they had completed the laboratory. Conversely, the two experimental groups (n = 
20) received an eight-item reflection treatment. After students in the experimental groups were 
done with the reflection treatment, they received a 12-item multiple-choice posttest regarding the 
laboratory content. The reflection treatment lasted for 10-15 minutes. Students that were not 
present for the immediate posttest were not included in the delayed posttest analysis.  
Study Five: Electric Motors in Agriculture 
The final experiment was conducted in Electricity in Agriculture laboratory. The subject 
matter for experiment five was electric motors types, uses, and wiring as it relates to agriculture. 
The laboratory activity required students (n = 19) to identify common types of motors, identify 
types of motor enclosures, interpret electric motor nameplates, and interpret electric motor 
wiring diagrams for both low and high voltages. Participants in the control group (n = 5) were 
simply given a 12-item multiple choice posttest and after each student completed the posttest, 
they left the laboratory. In contrast, the experimental groups (n = 14) received an eight-item 
reflection treatment, and after they were done with the reflection, they were given the same 12-
item multiple choice posttest. The reflection treatment lasted for 10-15 minutes. The delayed 
posttest was administered two weeks after the initial study was conducted. 
Statistical Analysis  
Students’ responses to each posttest were all collected at the same time, graded, and 
responses to each item were recorded in Excel. The responses of the students were coded as one 
if students selected the correct answer and coded zero if students did not select the correct 
answer.  The SAS 9.4 statistical package was used to organize and examine the data for each 
experiment. Because this was a population study, descriptive statistics were used to summarize 
the results of each experiment. Means and standard deviations were reported to summarize the 
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immediate and delayed posttest results. Eta Squared (Cohen, 1988) was calculated and used to 
quantify any observed effect of the treatment on group mean scores.  
Summary  
This study was conducted to determine the effects of reflection on students’ immediate 
and delayed cognitive achievement in two agricultural mechanization laboratory courses. Five 
experiments were conducted in the two courses during the spring 2019 semester using a 
randomized subjects design. Table 1 summarizes these five experiments.  
Table 1  
Summary of Experiments, Laboratory Content and Posttest Reliability  
Experiment Course Subject Matter Students Test Reliability 
(Coefficient alpha) 
One AGME 3173L AC Resistive 
Circuits 
Control (n = 7)               
Ind. Reflection (n = 8) 
Group Reflection (n = 7)   
Immediate posttest (α = .72) 
Delayed posttest (α = .65) 
Two AGME 3173 L AC Circuit Analysis Control (n = 7)               
Ind. Reflection (n = 7) 
Group Reflection (n = 7)   
Immediate posttest (α = .67)  
Delayed posttest (α = .64) 
Three AGME 3101L Carburetor Systems Control (n = 11)                             
Ind. Reflection (n = 7) 
Group Reflection (n = 9)   
Immediate posttest (α = .53) 
Delayed posttest (α = .29) 
Four AGME 3101L Small Equipment 
Electrical and 
Ignition Systems 
Control (n = 12)                              
Ind. Reflection (n = 9) 
Group Reflection (n =11)   
Immediate posttest (α = .60) 
Delayed posttest (α = .50) 
Five AGME 3173L 
Electrical Motors in 
Agriculture 
Control (n = 5)                                 
Ind. Reflection (n = 8) 
Group Reflection (n = 6)   
Immediate posttest (α = .74)  
Delayed posttest (α = .48) 
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Chapter IV 
Results 
The focal point of chapter four is to present the research findings regarding the effect 
reflection methods (individual and group reflection) have on students’ cognitive achievement 
when completing agricultural mechanization laboratory activities. The results are organized by 
individual experiment. The data presented in this chapter were collected during the spring 
semester of 2019. Five experiments were conducted in laboratory sections of two agricultural 
mechanization courses taught at the University of Arkansas; Electricity in Agriculture 
Laboratory and Small Power Units/Turf Equipment. 
Population   
The accessible population (N = 60) for this study was all students enrolled in two 
agricultural mechanization courses taught at the University of Arkansas. The first course targeted 
for this study was Electricity in Agriculture laboratory. The total amount of students enrolled in 
this course was 24 at the start of the semester. The second course targeted for this study was 
Small Power Units/Turf Equipment laboratory, and the total number of students enrolled in 
Small Power Units/Turf Equipment was 36 students. 
During the course of the semester, several students withdrew from Electricity in 
Agriculture and Small Power Units/Turf Equipment laboratory. Two students withdrew from 
AGME 3173L five weeks after the course began, which left the total number of students enrolled 
in AGME 3173L to 22. One student also withdrew from AGME 3173L six weeks after the 
course began which reduced the student population in AGME 3173 L to 35. This resulted in the 
accessible population being reduced to 57 students.  
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Summary of Methodology  
Each laboratory began, students were given an overview of how this study would also be 
a part of their laboratory activity. Once students completed their laboratory experience, each 
student was randomly assigned to one of three groups, no reflection, individual or group reflection. 
Students who were assigned to the control group (no reflection) was given a posttest, and when 
they had completed the 10-item posttest, the students in the control group left the laboratory.  
Students in the group reflection were required to first individually reflect, and then 
discuss their results in groups of three or four. The individual reflection group was instructed to 
individually reflect using the reflection treatment. After each student or group were done with 
the reflection treatment, they were given a 10-item immediate posttest. Two weeks after the 
immediate posttest was administered in Electricity in agriculture, a delayed posttest was given to 
all the students who participated in experiment one.  
Experiment three and four were conducted in Small Power Units/Turf Grass Equipment 
(n = 37) laboratory. After each student completed their laboratory activity, students received 
instructions regarding the study and were given a consent form to sign if they agreed to 
participate in the study. After students were given additional instruction about the study, they 
were randomly assigned to one of three groups, no reflection, individual or group reflection. 
Students who were assigned to the control group (no reflection) were required to complete a 
posttest and when they completed the 10-item posttest, students left the laboratory.  
 The individual and group reflection groups in Electricity in Agriculture and Small Power 
Units/Turf Grass Equipment first received a reflection treatment that was model based on the 
DEAL reflection method (Ash & Clayton, 2009). Students in the group reflection were required 
to first reflect individually, and then reflect in groups of three or four. Students assigned to the 
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individual reflection group were instructed to individually reflect by using the reflection 
treatment. After each student was done with the reflection treatment, they were given a 10-item 
immediate posttest. Two weeks later, a delayed posttest was also administered.  
Experiment One  
In order to measure immediate cognitive achievement regarding the lab content, the 
researcher developed a 10-item multiple-choice test (coefficient alpha = .72). A modified version 
of the initial 10-item posttest was used to measure delayed cognitive achievement (coefficient 
alpha = .45). However, deleting items one, five, and seven resulted in a reliability of .65; 
therefore, the delayed posttest scores were calculated on the reduced, seven-item test. The 
coefficient alpha reliability of the 10-item post-test was .49; however deleting items one, five, 
and seven increased the reliability to .65.  
Table 2 presents the descriptive results for students (n = 22) who participated in 
experiment one. On the day this experiment was conducted, two students were absent, and were 
not included in analysis of the delayed posttests. 
Table 2  
Summary Results for AC Resistive Circuit Analysis Laboratory by Treatment of No, Individual and 
Group Reflection 
 No Reflection Individual Reflection Group Reflection 
Achievement  M SD n M SD n M SD n 
Immediate  5.71 2.43 7 6.25 2.49 8 7.42 2.53 7 
 
 
Delayed  
 
5.00 
 
 
2.38 
 
 
 
7 
 
 
     5.13 
 
 
1.64 
 
 
 
8 
 
 
 
5.86 
 
 
 
.90 
 
 
 
7 
 
Maximum score possible was 10 for the immediate posttest and 7 for delayed posttest. 
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The results in Table 2 indicated that the students who were prompted to reflect as a group 
scored slightly higher on the immediate and delayed posttests compared to the students who 
reflected individually. The group reflection also had a higher posttest score than that of the no 
reflection group. The eta squared 0.08 indicated that 8% of the total variance found in immediate 
posttest scores in study one can be accounted for by reflection group (Laken, 2013). The Eta 
Squared of 0.08 indicated that reflection had an overall medium effect (Cohen, 1988) on 
immediate posttest scores. In comparison, the eta squared of 0.05 indicated that 5% of the total 
variance found in delayed posttest scores can be accounted for by reflection group (Laken, 
2013). Additionally, the eta squared of 0.05 indicated that reflection had a small effect (Cohen, 
1988) on delayed posttest scores. 
Experiment Two  
 The immediate posttest used in the second experiment was a 10-item multiple-choice test 
that was based on the laboratory content. The immediate posttest has a coefficient alpha of .67. A 
modified version of the initial 10-item immediate posttest was used to measure delayed cognitive 
achievement. The original delayed posttest had a coefficient alpha of .26; however, in order to 
increase the reliability of the delayed posttest in the second experiment, items 3 and 6 were 
deleted. As a result, the coefficient alpha increased to .64. Three students were absent when this 
study was administered. This resulted in a reduced sample of 21; those that were absent were not 
included in the delayed posttest analysis. Table 3 highlights the results yielded from the 
statistical analysis.  
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Table 3  
Summary Results for AC Circuit Laboratory by Treatment  
 No Reflection Individual Reflection Group Reflection 
Achievement  M SD    n M SD n M SD n 
Immediate  5.71 1.97 7 7.43 1.67 7 8.00 1.19 7 
 
 
Delayed   
 
 
 
4.00 
 
 
0.00 
 
 
7 
 
 
3.14 
 
 
1.21 
 
 
7 
 
 
3.57 
 
 
.79 
 
 
7 
Note. Maximum score possible was 10 on the immediate posttest and 4 on the delayed posttest. 
 
The results presented in Table 3 indicated that students who were prompted to reflect as a 
group scored slightly higher on the immediate posttest compared to the students who reflected 
individually or did not reflect. However, on the delayed posttest, students in the no reflection 
group had slightly higher scores than those in the experimental groups. The eta squared of 0.25 
indicated that 25% of the total variance in immediate posttest scores in experiment two can be 
accounted for by reflection group. Moreover, the eta squared of 0.25 also indicates that reflection 
had an overall large effect (Cohen, 1988) on immediate posttest scores In contrast, the students 
in the control group scored higher in the delayed posttest score than students in the experimental 
group. The eta squared of 0.16 indicated that 16% of the total variance in the delayed posttest 
scores can be accounted for by reflation group. The eta squared also indicated that there was a 
large difference (Cohen, 1988) between the control and experimental group delayed posttest 
scores.  
Experiment Three 
The instrument utilized to measure immediate cognitive achievement in the servicing and 
repairing carburetors laboratory had an initial coefficient alpha of .48. In order to increase the 
reliability of the immediate posttest, items one, five, and eight were removed from the 
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instrument. This resulted in an increased reliability with a coefficient alpha of .53. A modified 
version of the immediate posttest was used to measure delayed cognitive achievement in study 
three. The original coefficient alpha was .14, however, in order to increase the reliability of the 
delayed posttest, item two was deleted. As a result, the coefficient alpha increased to .29. The 
delayed posttest was administered two weeks after experiment three was first conducted.  
Students who were absent were not included in the delayed posttest analysis. On the day 
this experiment was conducted, a total of nine students were absent, reducing the sample 27. 
Table 4 presents the descriptive statistical results for the third experiment conducted in the 
servicing and repairing carburetor systems laboratory.  
Table 4  
Summary Results for Servicing and Repairing Carburetors Systems by Treatment    
 No Reflection Individual Reflection Group Reflection 
Achievement  M SD    n M SD n M SD n 
Immediate 3.55 1.15 11 4.57 .73 7 4.22 1.13 9 
 
 
Delayed   
 
3.10 
 
.88 
 
10 
 
3.33 
 
.82 
 
6 
 
2.63 
 
1.06 
 
8 
Note: Maximum score possible was 5 on immediate posttest and 4 on the delayed posttest. 
 
The results presented in Table 4 indicate that the students who were prompted to reflect 
individually scored slightly higher on the immediate posttest compared to the students who did 
not reflect or students that reflected as a group. On the delayed posttest, students in the individual 
reflection group scored slightly higher than group reflection or no reflection students. The eta 
squared of 0.14 indicated that 14% of the total variance found in immediate posttest scores in 
experiment three can be accounted for by reflection group. Thus, the eta squared of 0.14 
indicated that reflection had an overall large effect (Cohen, 1988) on immediate posttest scores. 
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In comparison, the eta squared of 0.09 indicated that 9% of the total variance found in delayed 
posttest scores w accounted for by reflection group. The eta squared of 0.09 indicated that 
reflection had a medium effect (Cohen, 1988) on delayed posttest scores. 
Experiment Four 
The instrument used to measure cognitive achievements in the battery and ignition 
systems in small equipment laboratory had an initial coefficient alpha of .40. In order to increase 
the reliability of the instrument, items one, two, three, six, eight and 10 were deleted, leaving six 
items analyzed for the posttest (coefficient alpha = .60). A modified version of the immediate 
posttest was used to measure delayed cognitive achievement in experiment four. The original 
coefficient alpha was .16, however, to increase the reliability of the delayed posttest, items two 
and four were deleted, leaving four items in the delayed posttest (coefficient alpha = .50). The 
delayed posttest was administered two weeks after the initial study was conducted in Small 
Power Units/Turf Grass Equipment. When the delayed posttest was administered, three students 
that were present during experiment four were absent. Table 5 presents the descriptive statistics 
for the students who participated in experiment four.  
Table 5  
Summary Results for Battery and Ignition Systems by Treatment  
 No Reflection Individual Reflection Group Reflection 
Achievement  M SD    n M SD n M SD n 
Immediate  2.42 2.07 12 3.78 1.20 9 3.73 1.42 11 
 
 
Delayed  
 
2.50 
 
1.31 
 
12 
 
3.00 
 
.93 
 
8 
 
2.89 
 
.93 
 
 9 
Note. Maximum possible score was 6 on the immediate posttest 4 on the delayed posttests. 
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The results presented in Table 5 indicate that the students who were prompted to reflect 
individually scored slightly higher on the immediate and delayed posttests compared to the 
students who did not reflect or reflected as a group. The eta squared of 0.02 indicated that 2% of 
the total variance found in immediate posttest scores in study four can be accounted for by 
reflection group. In addition, the eta squared of 0.02 indicates that reflection had a small effect 
(Cohen, 1988) on immediate posttest scores. In comparison, the eta squared of 0.03 indicated 
that 3% of the total variance found in delayed posttest scores can be accounted for by reflection 
group. Additionally, the eta squared of 0.03 indicated that reflection had an overall small effect 
(Cohen, 1988) on delayed posttest scores. 
Experiment Five 
 The instrument used to measure cognitive achievements in the electrical motors in 
agriculture laboratory had an initial coefficient alpha of .64. However, to increase the reliability 
of the instrument, items two, four, six, seven, eight, and were removed from the data analysis. As 
a result, the coefficient alpha was increased to .74. On the day experiment five was conducted, 
one student was absent which resulted in only 21 participants. Two students were dropped from 
the data analysis because one of the students was assigned to the control group but mistakenly 
took part in the experimental group. The other student took part in a group reflection when he 
was randomly assigned to an individual reflection group. This resulted in both students being 
removed from the analysis which reduced the sample 19.   
A modified version of the immediate posttest was used to measure delayed cognitive 
achievement in experiment five. The original coefficient alpha was .16; however, to increase the 
reliability of the delayed posttest, items two and four were deleted. As a result, the coefficient 
alpha increased to .48. The delayed posttest was administered two weeks after the initial study 
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was conducted in Electricity in Agriculture. Table 5 presents the descriptive statistics for those 
students who participated in study five.  
Table 6  
Summary Results for Electrical Motors in Agriculture Laboratory by treatment   
 No Reflection Individual Reflection Group Reflection 
Achievement  M SD    n M SD n M SD n 
Immediate  3.60 1.67 5 3.75 2.12 8 4.17 1.94 6 
 
 
Delayed  
 
3.00 
 
1.00 
 
5 
 
2.63 
 
1.41 
 
8 
 
3.50 
 
.55 
 
6 
Note: Maximum score possible was 6 on the immediate posttest and 4 on the delayed posttest. 
 
The results presented in Table 6 indicates that the students who were prompted to reflect 
as a group scored slightly higher on the immediate posttest compared to the students who 
reflected individually. However, students in the group reflection scored slightly higher on the 
delayed posttest compared to the students who individually reflected or who did not reflect. The 
eta squared 0.02 indicated that 2% of the total variance found in immediate posttest scores in 
study five can be accounted for by reflection group. The eta squared of 0.02 indicated that 
reflection had a small effect (Cohen, 1988) on immediate posttest scores. In comparison, the eta 
squared of 0.12 indicated that 12 % of the total variance found in delayed posttest scores can be 
accounted for by reflection group. Additionally, the eta squared of 0.12 indicated that reflection 
had an overall medium effect (Cohen, 1988) on delayed posttest scores. 
Summary 
This chapter reported the results of five experiments conducted to determine the effects 
of reflection on immediate and delayed cognitive achievement in two university agricultural 
mechanization laboratory courses. The students in the two reflection groups had higher mean 
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immediate cognitive achievement scores in all five experiments compared to students in the no 
reflection groups. The eta-squared effect size measures ranged from .02 (Experiments four and 
five) to .25 (Experiment 2), indicating the effects of reflection on immediate cognitive 
achievement ranged from small to large (Cohen, 1988). However, the results varied for the 
delayed posttest scores. The control group scored higher on the delayed posttest than the 
experimental groups in experiment two, and in experiment three the control group had higher 
mean score than group reflection, and in study five, the control group scored higher than the 
individual reflection group. The eta-squared effect size measures ranged from 0.05 (Experiments 
one) to 0.12 (Experiment 5), indicating the effects of reflection on immediate cognitive 
achievement ranged from small to medium (Cohen, 1988).  Table 7 presents a qualitative 
summary of the findings for all five of the experiments.  
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Table 7  
Qualitative Summary Assessment of Posttest Scores for All Five Experiments  
Experiment Lowest Intermediate Highest 
Experiments One 
 
Immediate Posttest 
     Delayed Posttest 
 
No Reflection  
No Reflection  
 
Individual Reflection 
Individual Reflection   
 
Group Reflection  
Group Reflection  
Experiments Two 
  Immediate Posttest  
   Delayed Posttest 
 
No Reflection  
Group Reflection   
 
Individual Reflection 
Individual Reflection    
 
Group Reflection  
No Reflection   
Experiments Three 
Immediate Posttest  
    Delayed Posttest 
 
No Reflection  
 Group Reflection  
 
Group Reflection  
    No Reflection  
 
Individual Reflection  
Individual Reflection  
Experiments Four  
Immediate Posttest  
    Delayed Posttest 
 
 No Reflection  
 
No Reflection  
 
Group Reflection  
Group Reflection 
 
Individual Reflection  
Individual Reflection  
Experiments Five  
   Immediate Posttest 
 
    Delayed Posttest  
 
No Reflection  
Individual Reflection  
 
Individual Reflection 
No Reflection 
 
Group Reflection 
Group Reflection 
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Chapter V 
Summary, Conclusions, Implications, and Recommendations 
Experiential learning continues to play a vital role in agricultural education and 
mechanization. Although experiential learning has been discussed in detail in agricultural 
education literature (Shoulders, Wyatt, & Johnson, 2014), little research exists regarding critical 
reflection. The purpose of this study was to evaluate the effect of critical reflection on students’ 
achievement following an agricultural mechanization laboratory activity. The primary research 
question was: What effect does critical reflection have on students’ laboratory performance 
compared to the laboratory performance of students who do not critically reflect? With that 
understanding, several conclusions and recommendations regarding the findings will be 
presented in this chapter.    
Conclusions  
 The overall results revealed that reflection had an effect on immediate cognitive 
achievement among students in Electricity in Agriculture and Small Power Units and Turf 
Equipment. However, the findings from this study seemed to indicate that reflection had no 
effect on students delayed cognitive achievement. Each experiment will be summarized by each 
objective of this study.  
Objective 1  
 The first objective of this study was to determine if there was a difference in immediate 
cognitive achievement in selected agricultural mechanization topics by the main effect of 
reflection (no reflection, individual or group reflection). The results from experiment one 
indicated that students who were prompted to reflect as a group scored slightly higher on the 
immediate posttest compared to the students who reflected individually or who did not reflect at 
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all. The results also revealed that students in the experimental groups (individual and group 
reflection) had higher posttest scores than the control group (no reflection). The reflection 
treatment in experiment one accounted for 8% of the total variance found in immediate posttest 
scores which represents a medium effect (Cohen, 1998). 
  The results from the second experiment revealed that students who were prompted to 
reflect as a group scored slightly higher on the immediate posttest compared to the students who 
reflected individually or who did not reflect at all. The control group had the lowest mean score 
compared to that of the experimental groups. The reflection treatment in experiment two 
accounted for 25% of the total variance found in immediate posttest scores which represents a 
large effect (Cohen, 1998). 
 In addition, the results from the third experiment revealed that students who were 
prompted to reflect individually scored slightly higher on the immediate posttest compared to the 
students who reflected as a group or who did not reflect at all. The results also indicated that 
students in the experimental groups (individual and group reflection) had higher posttest scores 
than the control group (no reflection). The treatment of reflection in experiment three accounted 
for 14% of the total variance found in immediate posttest scores. The reflection treatment in 
experiment three accounted for 14% of the total variance found in immediate posttest scores 
which represents a medium effect (Cohen, 1998). 
Similar to experiment three, the results from the fourth experiment revealed that students who 
were prompted to reflect individually slightly higher on the immediate posttest compared to the 
students who reflected as a group or who did not reflect at all. The control group had the lowest 
mean score in comparison to that of the experimental groups. The reflection treatment in 
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experiment four accounted for 2% of the total variance found in immediate posttest scores which 
represents a small effect (Cohen, 1998). 
The last experiment, experiment five revealed that students who were prompted to reflect as a 
group scored slightly higher on the immediate posttest compared to the students who reflected 
individually or who did not reflect at all. The control group had the lowest mean score compared 
to that of the experimental groups. The treatment in experiment two accounted for 2% of the 
total variance found in immediate posttest scores which represents a small effect (Cohen, 1998). 
Objective 2  
The second objective of this study was to determine if there was a difference in delayed 
cognitive achievement in selected agricultural mechanization topics by main effect of reflection 
(no reflection, individual or group reflection). The results from experiment one revealed that 
students who reflected as a group scored slightly higher on the delayed posttest that was 
administered two weeks after the initial experiment was conducted.  The control group possessed 
the lowest delayed achievement mean scores in experiment one. Moreover, the reflection 
treatment accounted for 5% of the total variance found in delayed posttest scores which 
represents a small effect (Cohen, 1998).  
In addition, the delayed posttest was administered a week following the initial posttest 
that was administered in experiment two. The results revealed that students in the controlled 
group scored slightly higher on the delayed posttest in comparison with the experimental groups. 
The reflection treatment accounted for 16% of the total variance found in delayed posttest scores 
which represents a large effect (Cohen, 1998).  
The results from experiment three revealed that students who reflected individually 
scored slightly higher on the delayed posttest that was administered two weeks after the initial 
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experiment was conducted. The no reflection group had a higher mean scored than that of the 
students who were prompted to reflect as a group. Moreover, the reflection treatment seemed to 
account for 9% of the total variance found in delayed posttest scores which represents a medium 
effect (Cohen, 1998).  
The results from study four revealed that students who reflected as a group scored 
slightly higher on the delayed posttest. The no reflection group had the lowest delayed posttest 
mean. The reflection treatment accounted for 3% of the total variance found in delayed posttest 
scores which represents a small effect (Cohen, 1998).  
The final delayed posttest was administered in study five. The results revealed that 
students in the control group scored slightly higher on the delayed posttest in comparison with 
the experimental groups. The reflection treatment accounted for 12% of the total variance found 
in delayed posttest scores which represents a medium effect (Cohen, 1998).  
Limitations   
This study was limited to the population (N = 60) of Electricity in Agriculture and Small 
Power Units/Turf Grass Equipment and should not be generalized beyond this population. In 
addition, once students were randomized in the first study, students remained in their respective 
groups throughout the duration of this study. Although this study did not seek to comprehensively 
measure all variables that could have affected student performance, such variables could be taken 
into account. Such extraneous variables might include, students’ background in the subject matter, 
distractions, or other factors.  
Implications for Practice  
Agricultural education and mechanization researchers have often reported the importance 
of experiential learning in agricultural education and laboratories (Johnson, Wardlow & 
Franklin, 1998; Shoulders & Myers 2013). A critical component of experiential learning is 
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critical reflection, however, research has indicated that reflection is often not implemented in 
experiential learning experiences in scientific and agricultural laboratories (Abdulwahed & 
Nagy, 2009; Shoulders & Myers, 2013). The results from this study revealed that incorporating 
reflection into the laboratory experiences of students enrolled in Electricity in Agriculture and 
Small Power Units can be beneficial to immediate achievement. The findings also indicated that 
reflection was beneficial in helping students activate and store laboratory content in short term 
memory. Agricultural education and mechanization educators may seek to incorporate such 
reflective practices into their respective laboratories and lesson plans to see if the same effects 
are observed.  
In addition, the results revealed that students who reflected as a group in this study had 
higher immediate posttest mean scores more often compared to the students who individually 
reflected. Practitioners who are interested in implementing experiential learning into their 
laboratory activities should look into employing group reflection into such laboratory 
experiences. Each reflection treatment in this study was formatted and modeled using the DEAL 
reflection model (Ash & Clayton, 2009). This model seemed to provide students with clear 
instruction and format on how to reflect after a laboratory experience. Practitioners may also 
look into implementing the DEAL reflection method into their experiential learning laboratory 
activities or instruction.  
Implications for Further Research  
Although in each of the experiments, immediate posttest scores were higher in the 
treatment groups (individual or group reflection), this was not always true for three of the 
delayed posttests. In experiment two, three and five, the statistical analysis yielded the control 
group scoring higher on the delayed posttest scores compared to those who had received a 
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reflection treatment. Given the results from the data, reflection seemed to have no to small effect 
on students’ delayed cognitive achievement overall. Newsome (2004) indicates that students 
possess different levels of knowledge; the different levels or the ability to retain knowledge may 
be one of the variables that could possibly explain the variation that exists between the control 
and experimental groups regarding delayed cognitive achievement.  
Further, another explanation of the variation observed between the delayed posttest 
scores can possibly be attributed to Electricity in Agriculture and Small Power Units/Turf Grass 
students’ ability to transfer short-term memories to long-term memories. The results seem to 
indicate that reflection is beneficial to students’ working memory, but does not affect long-
students term-memory. According to Willingham, (2009) such result may be attributed to 
students’ cognitive limits or the complexity of the material.  
Nevertheless, because there exists a discrepancy in the delayed posttest data, it is 
recommended that additional research be conducted to determine how reflection consistently 
affect students delayed cognitive achievement. Future research should focus on how critical 
reflection can help transform information from short term memory to long term memory.  
Summary  
Overall, the results of this study provide some insights into the effectiveness of reflection 
on students’ immediate cognitive achievement. The participants’ in the individual and group 
reflection experimental groups possessed higher immediate posttest scores than those participants’ 
in the control group.  In contrast, the results for the delayed posttests varied. In experiments two, 
three and four had higher delayed posttest scores than did one or both reflection groups. Based on 
the findings of this study, lab instructors and professors may find it beneficial to students’ 
immediate achievement if students are prompted to reflect after a laboratory experience. However, 
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additional research is needed to further explore the effects of reflection on students’ delayed 
cognitive achievement in agricultural mechanization laboratories. In addition, research is needed 
to identify effective instructional practices that promote long term learning from laboratory and 
other experiential learning activities.  
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Appendix B 
Experiment One  
Individual/ Group Reflection Module For AC Resistive Circuits 
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Appendix C 
Experiment Two  
Individual/ Group Reflection Module For AC Circuit Analysis 
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Appendix D 
Individual/ Group Reflection Module For Carburetor Systems 
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Appendix D 
Experiment Three  
Reflection Module for Carburetor Systems  
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Appendix E 
Experiment Four  
Individual/ Group Reflection Module for Ignition Systems 
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Appendix F 
Experiment Five  
Individual/ Group Reflection Module for Electrical Motors in Agriculture  
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Appendix G 
AC Resistive Circuits Immediate and Delayed Posttests  
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Appendix H 
AC Circuit Analysis Immediate and Delayed Posttest  
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Appendix I 
Carburetor Systems Immediate and Delayed Posttests 
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Appendix J 
Battery and Ignition Systems Immediate and Delayed Posttests  
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Appendix K 
Electrical Motors in Agriculture Immediate and Delayed Posttests 
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